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1. INTRODUCTION
The object of this investigation was the design and
installation of a machine for studying the courses of gas
es through canisters, such as those used in the U.S.Army
gas mask, and also others of special design. The primary
purpose in the work was to produce a machine that would
as far as possible simulate human breathing, and at the
same time permit tests on canisters to be run with more
exact chemical control and uniformity of conditions, than
has been possible in "man tests". The work was done by
the author at the American University Experiment Station
of the Research Division, Chemical Warfare Service. The
Gas Mask Research Section had charge of the work, which
was conducted in the Canister Testing Laboratory. In
connection with this investigation there is included the
general procedure which was followed in testing, and also
very briefly, the method of recording the results.
Since a great deal of the work was of a confidential
nature the author feels justified in confining himself
to those phases only that have already been released for
publication by the Chemical Warfare Service.
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11 DESCRIPTION OF METHOD
The apparatus in its completed form includes the
following units :-
1. a hydrogen sulphide generator capable of deliver-
ing gas in large quantity and at constant pressure.
2. An exhaust pump with a capacity of 10 l/2 cubic
feet of air per minute and driven by a 1/4 horsepower
motor.
3. A humidity controlling device.
4. Suitable intermittent valves for interrupting
the flow of gases, so as to simulate human breathing.
5. Suitable clamps for fastening the different types
of canisters into position to be tested.
6. A cooling device to keep the condensed moisture
out of the valves.
7. Absorption bottles for the determination of the
concentration of gas in the effluent air.
8. Flowmeters and manometers to control and observe
the gas flows and pressures at various parts of the sys-
tem.
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111 DESCRIPTION OF THE APPARATUS
1. Hydrogen sulphide generator
Hydrogen sulphide was generated by the action of
dilute commercial hydrochloric acid on commercial fer-
rous sulphide. It was desired that a uniform pressure
of gas be maintained at all times. Figure (l) shows
the arrangement used. Bottle (A) is charged with 40
pounds of ferrous sulphide, and is connected to bottle
(B) by means of the tube (m), containing a stopcock (3)
and (4) in each end, and joined by a rubber connection
in the middle. Bottle (C) is connected with (B) by the
tube which passes nearly to the bottom of (B). The liq-
uid contained in (B) and (C) confines the gas in the up-
per part of (B), which serves as a gas storage chamber.
Bottle (D) contains the acid which flows down to the
ferrous sulphide by opening the stopcock (7), when gas
is required. The gas is drawn off through the stopcocks
(9) and (10), two being used to secure a finer adjust-
ment of flow. The stopcocks are adjusted so as to deliv-
er a little more gas than can pass the flowmeter under
a given pressure, which is determined by the constant
head device (E). The excess gas passes off through the
tube (Oj and is discharged into the top of the bottle (C)
from which chamber it passes into a tube leading into
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the flue. Bottle (G) is used to prevent the excess gas
from escaping into the room, and also to prevent the ox-
ygen of the air from dissolving in the water, and acting
on the hydrogen sulphide in solution to form free sulphur.
2. Humidity controller
After passing the flowmeter the hydrogen sulphide
is conducted by the tube (m)
,
Figure 8, to the intake
tube (n), of the mixing bottle (A), where it meets the
incoming stream of air drawn through the coils (B) and
(C) of the humidity controller. The upper tray of the
controller contains five glas3 cylinders, placed horiz-
ontally, and about half full of water. The lower tray,
a
duplicate of the upper, contains concentrated sulphuric
acid. The incoming air is made to pass over (3) or (C)
depending on whether it is too dry or too humid. All
tests were run at fifty percent relative humidity. This
was checked by readings of the wet and dry bulb therm*
©meters, shown at (E), and the use of a psychometric
chart.
3. Intermittent valves
Since one of the main purposes in designing the mach-
ine was to simulate human breathing by a mechanical device,
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it is evident that the intermittent valve forms a very-
essential pert of the machine. The photograph, follow-
ing figure £, shows the valve in position. The principle
on which it works is very simple. Two U-tubes are filled
to a certain height with mercury. The top of the outer
limb of each of these tubes is connected with the exit
tubes leading from each canister. The other limb of each
tube is connected to a Y-tube which leads to the vacuum.
In the outer limb of each U-tube there is a wooden plung-
er. These plungers are connected to a rocker arm which
is actuated by a crank and gear. The alternate immers-
ion of each plunger cuts off the vacuum connection from
the corresponding valve, and thus draws the gases through
at intermittent intervals. In adjusting the valves two
operations are necessary. The speed of the motor, upon
which depends the number of strokes or breaths per min-
ute, must be regulated. This is done by means of a rheo-
stat and also by adjusting the tightness of the motor
belt. 3ince an equal flow of gas through each tube is
required, and since it is impossible to make each tube
exactly symmetrical, it is necessary to determine by
trial and calibration the correct amount of mercury nec-
essary in each tube to produce an equal flow. Standard-
ized dry gas meters were used for calibration.

-6-

-7-

-8-
4. Testing maohine
The gas and air mixture is drawn into a mixing bot-
tle (A), which is provided with an intake tube which ex-
tends to the bottom of the bottle where it ends in a curve
7/hich gives the incoming gas a whirling motion. There are
two tubes, (o) and (p), through v/hich gas may be drawn
from the bottle. One of these, (p) branches out into a
T containing in it3 branches two large stopcocks, (1)
and (2). These branches pass through rubber stoppers
inserted into holes in an iron plate
,
upon which can-
isters may be clamped in such a way that gas from the
mixing bottle may be drawn through them. While the prop-
er concentration is being gotten up, the stopcocks in
the T are closed, and the gas-air mixture is drawn through
the tube (o), and conducted through a large special
canister (F) , for the purpose of removing the hydrogen
sulphide to prevent its action on the valves.
After passing through the Y shown at (Q), the gas
is drawn through stopcocks (3) and (4) and to the T's
shown at (r) and (s), where it joins the tubes coming
from the canisters being tested. By means of the stop-
cocks (1) and (2), (3) and (4), the mixture can be made
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to pass either through the canisters to be tested , or
by-passed through the large canister (F). From the T's
(r) and (s), the air is passed through the tubes (t) and
(u) to the cooling coils (D D 1 ) , where the water form-
ed by the reaction of the hydrogen sulphide on the soda
lime permanganate contained in the canisters, is removed.
Two distinct chemical reactions result in the formation
of water as follows :-
2UaMn04 4 4 HgS = UagS + 2Mn02 4 4HgO f 3S
H23 + 2UaOE Ua£S + 2 EgO
In addition to the water resulting from the above re-
actions, water is driven out of the soda lime by the
heat of the reaction. This water must be removed or
it would collect in the tubes and valves, and would in-
terfere with the free and equal flow of air through
each canister. The cooling coils acting as condensers
reduce the temperature of the air coming from the can-
isters and thus remove the water by condensation.
From the cooling coils the air is drawn through the
intermittent valves and out through the flowmeter. In
addition one liter per minute is drawn continuously
through each canister by means of tubes (w) and fx).
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Pigure 3
A DUPLEX MACHINE FOR STUDYING THE
COURSE OP GASES THROUGH CANISTERS
SIDE VIEW

0.1
This gas serves as a sample for determining the "break" or
end point. The total gas flow through the flowmeter is
14 liters per minute.
The manometers , (y) and (z), enable the operator to
adjust the stopcocks, (1) and (2), in such a manner that
the resistance may be equalized in the two branches fed
by stopcocks (1) and (£).
IV METHOD OF TESTING
1. Adjusting machine
In making a test the canisters
,
packed with pink
soda-lime granules, are first clamped into position.
Stopcocks (1) and (2), controlling the air passage to the
canisters ffom the mixing jars are closed, and those
controlling the by-pass are opened. The suction pump
is then turned on, and the stopcocks leading from the
hydrogen sulphide generator, and the level in the con-
stant head device are adjusted to give the proper read-
ing on the flowmeter corresponding to the desired con-
centration. After a few minutes, readings On the wet
and dry bulb hygrometer are taken, and if the relative
humidity deviates from fifty percent, it is adjusted by
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changing the relative the relative amounts of air pas-
sing over the water or the sulphuric acid. Meanwhile all
stopcocks are adjusted to give the proper manometer and
flowmeter readings, and a determination of the concent-
ration of the hydrogen sulphide in the mixture is made.
2. Determination of concentration
The concentration of hydrogen sulphide in the gas-
air mixture is determined by aspirating one liter of the
mixture through a measured quantity of standard solution
of iodine in potassium iodide, which is just sufficient
to react with 15 cubic centimeters or 15,000 parts per
million, of hydrogen sulphide at 25 degrees Centigrade
and 760 m.m. pressure. The excess of iodine is titrated
with a standard sodium thiosulphate solution, 1 c.c. of
which is equivalent to 500 parts per million of hydrogen
sulphide. The number of cubic centimeters of thiosulphate
solution, multiplied by 500 and subtracted from 15,000
gives the concentration in parts per million of hydrogen
sulphide gas in the sample. When the concentration is
found to be right, the stopcocks (3) and (4) are closed
and (1) and (2) are opened. The time at the beginning of
the run is noted, and the humidity, rate of flow, etc.,
are checked. Concentration determinations are made at
half hour intervals during the run.
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3. Adjustments and characteristics of run
The canisters become warm as the wave front of react-
ivity travel up the canister, and when the canister final-
ly "breaks", hydrogen sulphide comes through. This reacts
with the lead acetate in the effluent sample bottles and
produces a black precipitate. The canister which is "brok-
en" is cut out and the corresponding by-pass opened. The
machine is operated until the second canister breaks.
4. Wave fronts
The wave fronts are determined by removing the gran-
ules by suction in accordance with the color zones. There
are usually three distinct color zones noticeable in a
canister packed with pink soda lime granules, which has
been "broken" by reaction with hydrogen sulphide. Near
the top there is always a zone of granules which has re-
tained its original color. This region is designated
"unchanged". In the middle there is a zone where the re-
action has been only superficial, and the pink color
has faded. This zone is designated "partly changed".
The bottom of the canister contains granules which have
lost all of their reactive power. These granules are
covered with a yellow deposit of sulphur and are called
"completely changed".
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5. Plotting wave fronts
In studying wave fronts of reactivity oross sections
of the canister contents are made in both front and side
elevation. 2he canister top, screen, and toweling are care-
fully removed, and the depth of the granules from the top
of the canister is laid off on the cross section. The
"unchanged" or pink granules are carefully removed by suc-
tion and the new surface plotted. The other volumes are
removed in an exactly similiar way and the surfaces plotted
on the different elevations. The unchanged granules are
collected in a separate flask and weighed. The ratio of
the unchanged to the total weight of the granules is an
important factor in the experiment. This ratio is express-
ed on a percentage basis, and in a well designed canister
does not run above ten percent. A number of wave fronts
are plotted for each type of canister. Prom them a comp-
osite or typical wave front embodying all the character-
istic features of the type is drawn, and this wave front
together with the figures of the average time .resistance,
weight of absorbents, and percent "unchanged" , is drawn,
traced, and blue printed for reference and comparison
with other types.
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V SUMMARY
A machine and a method of study have been evolved
by means of which we are able to traoe the wave fronts
of reaofivity in canisters.
A gas generator for producing hydrogen sulphide at
constant pressure and in large volume has been developed.
The use of the machine to test canisters admits of
exact control at all times, and therefore uniformity of
test results.
The results obtained by using this machine are quite
consistent as regards the life of the canisters and their
wave fronts of reactivity. This consistency permits com-
parison between the different types of canisters tested
to be made on a safe and logical basis.
The developement of the machine has eliminated to
a large extent the exceedingly uncomfortable and often-
times dangerous "man tests".
By means of a study of wave fronts of reactivity
changes have been suggested in the design of canisters
materially lengthening their life, and producing a can-
ister more comfortable to wear and use.
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